INTRODUCTION
Data fusion is a generic word referring to several techniques of digital image processing which are used to integrate data from different spatial and spectral resolution in order to obtain higher-quality synthetic images, which facilitate the process of thematic data extraction by means of using visual interpretation (Vergara et al., 1996) . The aim of data fusion is to fit the characteristics of spatial and spectral high resolution presented separately by the original images together in just one image.
From the eighties onwards, several researchers have tested different techniques to generate synthetic images with the aforementioned properties. Henceforth a brief comment upon some papers presented in this meantime shall be made. These papers will be then grouped according to the methodology employed. The purpose of this comment is to provide the reader with references to research carried out in this field (both in Brazil and abroad) so as to orient the user in relation to the choice of fusion methods that can be applicable to cartographic updating: 1) Pixel addition: By means of using this method, Chavez (1986) added pixel to pixel an aerial panchromatic photograph in a 1:80.000-scale, to the bands of the TMLandsat, digitally enhanced by means of pixel duplication. In order to avoid the effect of blocks produced by these techniques, a low-pass filter was applied to the TM data after its enlargement. The researcher claims that the outcome that he reached of this procedure was satisfactory. Moreover, he points out the importance of integrating complementary information data so as to facilitate new information gathering.
2) IHS transformation: This is one of the most popular methodologies used to merge data coming from different resolutions, or gathered in distinct dates and, sometimes, collected by distinct sensors. According to this system, I , H and S are the three light attributes which define human perception in relation to colours. Within this framework, Intensity (I ) refers to the total brightness of a certain colour and it is the most easily perceptible attribute by a human being's vision. Hue (H ) is determined by the dominating wavelength as the electromagnetic radiation reaches the eyes, which produces the sensation of colour. Saturation (S ) refers to how pure the colour is and is defined by the amount of white in the radiation (Mather, 1999) .
As far as image processing is concerned, there are techniques that allow one to make do with these characteristics to work either with one of the image components in a separate fashion or with all of them, aiming at improving either its spatial or spectral quality (Mather, 1999; Schowengerdt, 1997) . Regarding data fusion through IHS transformation, the image with higher spectral resolution, which is usually available in the R (Red) G (Green) B (Blue) space, is then transformed into the IHS space. Afterwards, the I component of this image is replaced by a band of a better spatial resolution product; therefore, the generated image is again transformed into the RGB space (by means of using inverse transformation). Thus, a new (synthetic) image is obtained, which gathers, in theory, both the high-resolution spatial component information and the spectral information from the original multi-spectral image. Further details about this technique may be found in Foley et al. (1997) . In practice, this procedure has made room for the generation of enhanced spatial resolution coloured images. Nevertheless, some papers (Carper et al., 1990; Vergara et al., 1996) , address the issue of some infra-red-layer spectral information loss. This loss is shown in the image as darkness in certain areas of dense vegetation.
According to Carper et al. (1990) , so as to avoid this effect it is necessary to have a high correlation between the I component of the synthetic image and of the original multi-spectral product. From this point onwards, some applications of this technique, carried out at the INPE (Brazilian National Institute for Spatial Research) will be mentioned: a) Dutra et al. (1988) applied the IHS transformation to TM 4,3,2 (RGB) colour composite in order to merge it to the panchromatic (PAN) SPOT band. A multispectral synthetic 10-m-resolution image was then obtained and employed for mapping the urban land use; b) Kurkdjian and Ii (1989) employed the IHS transformation to integrate an aerial panchromatic photograph to a multi-spectral (XS) SPOT image, developing, consequently, a multi-spectral synthetic 3,5-m-resolution product, which was used for urban analysis and mapping; c) Vergara et al. (1996) merged SPOT-PAN and SPOT-XS data, through the use of a procedure based upon the IHS transformation, which aimed at facilitating both the photo interpretation and the mapping of intra-urban areas, in the context of a methodology of 1:50.000 topographic-map updating.
3) Wavelet transform: This data fusion method has a more recent application than the aforementioned ones. It is based upon concepts of scale-space filtering and multi-resolution analysis. In order to obtain further information on the technique, one should see Schowengerdt (1997) and Fonseca (1999) . Some papers using this method will be commented henceforth: a) Garguet-Duport et al. (1996) integrate SPOT data in the PAN and XS modes, generating a 10-m-resolution image, bearing the spectral characteristics of the SPOT-XS image; b) Yocky (1996) used the wavelet transform to integrate the TMLandsat 3,2 and 1 bands to a SPOT-PAN image and then compared the resulting image to a product obtained through the IHS transformation. According to Yocky (1996) , the synthetic image resulting from the wavelet transform kept the spectral characteristics of the original colour composite in a better fashion; c) In order to update 1:50.000 topographic maps, Vergara (1999) merged SPOT-PAN and SPOT-XS data, employing this technique. He followed the model described by Garguet-Duport et al. (1996) , implemented by Fonseca (1997) .
4) Some methodologies developed in Brazil:
Henceforth, some other models of data fusion developed in research carried out at INPE shall be outlined: a) Brum (1989) used a model based upon a system of linear equations whose parameters were established in relation to the spectral response curves from HRV-SPOT bands. By means of using this methodology, he simulated three bands with the spatial resolution of the SPOT-PAN image (10m) and the spectral resolution equivalent to the SPOT-XS bands. According to Brum (1989) , it is also possible to use this methodology to integrate data coming from different sensors; b) Candeias (1992) developed a new methodology in order to merge SPOT-PAN to SPOT-XS data. This procedure, based upon Bayes's statistical techniques, allowed to generate a three-band 10-m spatial resolution synthetic image, which bears a spectral resemblance to the original multi-spectral bands.
APPLICATION TO TOPOGRAPHIC MAP UPDATING
The IHS transformation was used by Vergara (1999) in order to integrate panchromatic and multi-spectral SPOT data, aiming at generating a synthetic image to be used within the context of a 1:50.000 topographic-map updating methodology using orbital remote sensing data and GIS.
The procedure was applied by means of using the SPRING system. Its purpose was to enhance linear features as well as to diminish the loss of spectral information produced by the substitution of the I component (from the XS bands) by the PAN band. In order to reach the first objective, a high-pass filter was applied to the SPOT-PAN image and the resulting image was used as a panchromatic component. Regarding the spectral matter, through the following procedure one tried to restore, to the synthetic product, the values of the statistical parameters (means and variances) of the original SPOT-XS image. Below it is pointed out, in each phase, the SPRING function used: 1) Reading of the SPOT-XS bands (Fig. 1) 
8)
Among these statistical parameters, the necessary values were subtracted so that the multi-spectral band (BGR 1,2,3) parameters could come to their original values before being equalised. Acquisition of the final synthetic product, in the RGB space ( Fig.  3) ( arithmetic operations).
The above procedure made room for the generation of a synthetic image that shows the reduction of the infrared spectral information loss, which is typical of the IHS transformation. Based upon a comprehensive theoretical framework and also upon one's personal experience on the subject, one shall present henceforth some remarks, as a guide to choose the appropriate data fusion method for cartographic updating: 1) If some data fusion techniques preserve the panchromatic component spatial resolution to the detriment to the original spectral information, there are procedures, however, that stress this last characteristic, in spite of their spatial poverty. Owing to this fact, some researchers (Carper et al., 1990; Candeias, 1992; Pellemans et al., 1993) suggest that the choice of the methodology to be used for data merging should be determined by the characteristics (spatial or spectral) that one wants to stress in the synthetic image.
2) The IHS transformation is a wellknown method used to create synthetic products which keep the spatial resolution of the panchromatic component, in spite of the fact that it produces some spectral infrared band information loss. Consequently, it provides images that facilitate the study of urban areas (Welch and Ehlers, 1987; Dutra et al., 1988; Kurkdjian and Ii, 1989) , despite the fact that they show some alterations of spectral standards in areas of dense vegetation (Carper et al., 1990; Pellemans et al., 1993; Vergara et al., 1996) . Based on Vergara et al. (1996) and Vergara (1999) , one can state that, in spite of some limitations, it is possible to improve the results of this technique working on the histograms in order to obtain a synthetic product which is, in spectral terms, closer to the original multi-spectral component.
3) According to Garguet-Duport et al. (1996) and Yocky (1996) , when comparing synthetic images obtained via IHS transformation and wavelet transform, the latter kept the original spectral characteristics in a better fashion. Vergara (1999) , nevertheless, pointed out that the use of the wavelet transform in lower resolution (or decomposition) levels (1 and 2) created better-quality spectral synthetic products, despite some degradation of spatial information (Figs. 4 and 5) . The higher levels (3 and 4) lead to slow spectral resolution loss; at the same time, they lead to spatial resolution recuperation (Figs. 6 and 7). For Vergara (1999) , this methodology provides one with high-quality spectral and spatial synthetic products to be used in cartographic updating, mainly in intermediate levels (2 and 3). 's (1992) viewpoint, the Bayes's estimator produced betterdefined images than Cliché et al. (1985) , Brum (1989) and Carper et al. (1990) . Candeias (1992) recommends one to use the Bayes's estimator in instances where the maintenance of the spectral resolution is to be prioritised. 5) In spite of the satisfactory results pointed out by Chavez (1986) and Chavez et al. (1991) , using the pixel-addition operation, some experiments carried out by Vergara et al. (1996) , demonstrated that the images which were obtained through the application of this technique are less adequate to the needs of topographic-map updating than those obtained through the IHS transformation, for the former presents greater spectral information loss. It should also be stated that Welch and Ehlers (1987) reached more satisfactory results by means of employing the IHS transformation than by means of using the pixel-addition operation (Chavez, 1986; Chavez et al., 1991) .
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